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INTRODUCTION

Beryllium and beryllium oxide due to their good mode-
rating properties and additional neutron multiplication
through the reaction Be’(n, 2n) can be used widely in
reactor technology. Various U+Be, U+BeO systems have been
studied in the USSR at the Kurchatov Atomic Energy Institute
and at the Institute of Physics and Power.

In the paper basic results are given of works perfor-
med during last years.

I. STUDY OF U2 4+ Be INTERMEDIATE-NEUTRON SYSTEMS

A systematic study of critical parameters and physical
characteristics of intermediate uranium-beryllium systems
with reflectr was performed in the stand ¢ -4 [1] . The
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critical assemblies were charecterized by the equal thicknes-
ses of the reflectors of the same cox, >sition (a two-layer
reflector with the imner bexryllium layer; sec. Table 1), by
the same porosity (an air volume fraction) of 1.5% and the
aluminium core-volume fraction poor variation.

The critical assemblies forms were hexshedrel prisms
assembled from fuel packets filled with a fissionable mate- .
rial and a moderator. As rule, the realized critical pare-
meters were not minimm for each of the assembliea due to
their non-uniformities which are control rod channels,
safety system rod chsmnels, a core form deviation from re-
gular, etc. To account for these non-uniformities the measu-
rements of the separate core parts and reflector reectivity
coefficients were made.

In Table 1 the data on the composition and dimensions
of the core and reflectors are given as are critical para-
meters of somxe uramius-beryllium intermediate systems studied
in the stand Io—R.

In Fig.1 the urarium-235 critical mass is presented as
8 function of the volune with account taken for the experi-
mental corrections for the non-uniformities. The errors of
the critical mass and volume determination with ail the
correctioms were no more tham 1.0%.

Particular emphasis have been placed upon the uranium
elements self-shielding effect amd its influence on critical
parameters and neutron spectrum. In the critical assembly
lo-4-10 (fy, /Pu® = 106) the fission density distri-
bution over a uranium-235 plate thickness have been measu- -
red. The results of the measurements Presented in Fig.2.in- e
dicate that the seifshieiding factor given by the relation —

r=.? £2(8)ad s £(bo)do  1is equal to 0.84. Here
2( o) is the fissiom demsity distribution over the plate
thickness, do 1is the urenium-235 plate thickness.
Newertheless the critic¢al masses of the assemblies
I® 4-10, &0 4-348 and D215, shich ere with a dif-
ferent degree of thelr heterogeneity, were the same
within the expsrinemtal errora. The results of thess expeo~

rinents supporv the conclusioms of reference [1] which
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experimentally shows (for an essentially more hard system
with fge / faf = 31 ) that in intermediate reactors,
in spite of considerable self-shielding of fissions in
thick uranium layers, the effect of 1 g of uranium-235 on
reactivity is practically the same for all uranium layer
thicknesses in samples (from 2.3 1072 g/cn2 to 32 g/cmz).
From these data it can be concluded that the intermediate he-
terogeneous reactor critical parameters do not differ practi-
cally from the critical parameters of a proper physically
homogeneous reactor. However, in the transition from a homo-
geneous to heterogeneous reactor mneutron spectrum, naturally,
becomes considerably softened. In Fig.3 the cadmium ratio
for uranium-235 fissions number is given as a function of

’ the thickness of uranium elements in the core cells of the

agsemblies  O®—4-10, N@®-4-14 and [Q-4-15.

At the stand [I@—-4 the neutron spectr2 were measured
in the energy range from 0.1 eV to ~50 eV with a mechanical
neutron selector [2] with the variable rotor speed. The

, selector rotor with a 240 mm diameter was fabricated of geti-
'S nux and furnished with & system of cruciformly located slits
of a barrel-wise form. A spherical ion chamber with He3 at -
pressure of 18 atm was used as 8 neutron detector. The beanm
shining surface was a square 5 by 5 cm. As an example in -
Fig.4 there are presented results of the measurements of o
nentron spectrum in the energy range from 0.1 &V to 50 eV
performed in the critical assembly [§ -+-12 ( fae / ﬂ,f =209), )
The measurements were made with the neutron impulse width of o
50 microseconds and with the f£light length of 6 meters. :
The beam ghining surface was relatively at distances
2 cm and ~22 cm from the reacior axis in the measure- ]
— ments of the spectrum in the central cors region and in the
paripheral core region (hexahedral core corner packet).
In processing of the experimental results corrections
for detector effectiveness, for trensmission function, for
resolution and neutron flux gradiernt were introduced.

S II. NEUTRON PHYSICAL CHARACTERISTICS OF UsBe, U+BeO -
s THERMAL NEUTRON SYSTEMS ‘
An experimental study of enriched uranium systems was
S performed in critice] assembliss which wers parallelepipeds
== 352
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from moderator blocks and flat fuel elements, which were
arranged in horizontal planes between the moderator blocks,.

Caked beryllium oxide blocks and plates with size
100x100x50 mm, 50x50x50 mm, 100x50x15 mm and metallic beryl-
lium plates with size 100x50x10 mm were ured as moderators.The
beryllium oxide density in these blocks was 2.8 g,/cm3, the
beryllium plates density was 1.8 g/cmj.

Fuel elements, which were made on base of teflon-4
with 90% enriched uranous—uranic oxide [-BJ , contained an
average of 1.775 g of uranous~uranic oxide and were with
a square 100x100 mm and a thickness of C.5 mum.

The effect of neutrons reflected from the walls and
gtand constructions was determined experimentally .

All the beryllium oxide moderated assemblies with a
cell pitch of 5 cm had upper and bottim reflectors with a
thickness of 2.5 cm. The beryllium moderated assemblies
with a cell pitch of 0.5 cm had upper and bottom reflectors
with a thickness of 0.5 cm. In the experiments the efficien-
¢y of the reflectors was found +to be equal to their geomet-
rical thickmess with such reflector zizes.

The experimental data obtained on critical assemblies
were used in calculations performed numerically by the mul~
tigroup method (4] on 2 digital computer and using the

relation >
~-B<¢
K. e

PRty b R (1)
eff 1+ B2 12

K

The critical assembly parameters and calculational
results are presented in Table II.

Due to absorpticn in the reaction Be? (§ , n) of

O’-rays from long-life fission products photrneutrons,
which should be taken into account in the trensient proces-
ses analysis, are producted apart from the delayed neutrons
in systems containing beryllium.

Using the data on the delayed neutron and photoneutron
ylelds reported in reference [5] , the experiments consi-
sted of measurements of reactivity, delayed neutron and
photoneutron efficiencies were processed, calculations of
the errors due to the asymptotic period measurementz were
performed.
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The devi\ation of the measured positive period from
asymptotic was determined for different times of
reactor operation at constant power level. Calculational re-
sults are presented in Fig.5. For the beryllium oxide mo-
derated assembly the deviation of the measured period from
asymptotic was also devermined experimentally (see, Fig.6).

For the beryllium oxide moderated assembly the quantity
§ » which was assumed the same for all the groups of the
delayed neutrons and photoneutrons, was determined by the
method of replacement of fuel by an absorber.

In these experiments plates especially fabricated from

teflon—4 with boron filling were used as absorbing elementse
The experimental procédure consisted in the replacement

of fuel elements by absorbing elements and in the reactivity
measuregent in mm of the control rod length.

JIt proved (r to be equal to 1.15 for the beryllium
oxide moderated assembly studied; the experimental error
was 4%,

The calculational J value proved to be equal to
1!14‘
In nssemblies experiments were performed in which the
i

critical assembly reactivity variation with a small change
In the assembly dimensions was deterwmined slkxperimental
data processing was conducted using the relation.

=2 (U1 1) ] 13 (Ohyy )
(2)
where H= h + (f y h is the core size, (9 is the extrapola-
ted addition or the effective thickness of & reflector in
case of an assembly with a reflector.

Using the beryllium oxide and beryllium diffusion para-
meters reported in this paper the T values weme deter—
mined from these experiments and from the critical condition
Keo was deterwined,

The data obtuined are presented in Table TII.

The neutron spatiel distribution measurement was used
to determine the neutron physical pbarameters and subcritica-~
lity degree of the systems studied.

In the case of a system, form of which is a rectangular
parallelepiped, the ratio of the neutron flux in an assembly
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with no uranium to the neutron flux in a subcritical assemb-
ly with uranium can be written as

Puwl/ 2 2 ugix vy Wz
)3 [ ) uvw 2 ] cos
uvw L uvw e /Z'c (“guva' | Cos a, Cos 2,

z C
A A R e & T8 S
Sy &7 uvw o ugrx . vy Cos Wi 2
2 § —" 5 — ——
ww  Z (HBLuva‘ Xi- Kuyw e Q, 6y %)

This relation, which can be considerably simplitied if
to neglect by the harmonics ot order higher than third and
to check such an experimental geometry that the third harmo-
nic becomes zero, was used to détermine the beryllium oxide
moderated critical assembly subcriticality degree.

The neutron distribution was measured in experiments
with indium foils.

The measured thermal neutron distribution in assemblies
with no fissionable material and with a neutron source in
the centre was used to determine the age value T . For be-
ryllium oxide T of the Po + Be

Source neutrons proved
to be equal to 128 ¥ 13 cm®

To study the neutron physical charac teristics of a beryl-
lium moderated assembly with two fuel elements in a layer
the pulse-source method was also used. In the experiments
& neutron generator of neutrons with energy of 14 MeV was
applied. The damping constsnt dependence on the geometrical
barameter was established from the experiment. The treatment

of the dependence was performed by the least square method,
The following parameters were obtained:

K =2.23%0.05; 12 = 20.7 * 1.5 cn?,

loo = (1.74 % 0.18) . 107 cex™?
Kge = 1.12 £ 0.05;
p = (6.68 £ 1,08).1073.

III. STUDY OF U-Be LATTICES WITH NATURAL
AND LOW ENRICHED URANIUM

The experiments were performed in a critical assembly
which was a cylinder of metallic beryllium (mean density
{=1.75 g/cn’) with a diasmeter of 116 cm and a height of
100 c¢m, surrounded with an all-sided graphite reflector of
60 cm thickness. In the critical assembly core there were
362
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89 vertical holes of 45 mm diameter located in chess-board
order, which permitted to form lattices with pitches of
11.3 cm or 16.0cm. From the core centre a horizontal hole
was extracted of 40 mm diameter for the measurement of

the neutron spectrum over the cell.

As fuel natural and 2% enriched uranium blocks assemb-
led in worker channels were used. The blocks were uniform in
their dimensions and configuration and differed only in enrich
ment and U235 content per block unit length.

The core dimensions permitted criticality to be achieved ’
with 2% enriched fuel for both indicated pitches. To study
the multiplication factors of natural uranium lattices
two-region systems with the natural uranium central region
were assembled . Criticality was achieved with the external »
region, which was assembled from 2% enriched channels. In I
Table IV the critical dimensions are given for 2% enriched
fuel.

For four lattices tnere were measured the infinite neut-
ron multiplication factors keo and the thermal neutron
spectra over the cell.

The experimental measurement of Koo and its cofactors
was based on a method reported in reference [6] with
rather modified measurement technique and results processing
procedure.

Accordingly to EGJ
v:+(\)§-1) nsf/ns{y
M98 Vess = RE T RE AT YA (72
& SLHILH |

1}
D
!

S IR L kD s AL H 8 —~
H + v, (8) _
(ns FL/ fgf) -
1wl = w2 LS e 7 .
¥ My /ng? /057wy /LY £9)
£
1 -G = L1 ——— 10
N /ﬂg' + 1‘{3./”5? +n;‘7v/ nS'F (10)
Y
) S, - ——— (11)
o4 s /n F e g W B
where: o
Mg and[ls - number of fidsion neutron absorptions N
in uranium-235 and uranium-~238
342 relatively;
-7 -

R
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[l5~ total number of neutron absorptions in
uranium-235;

ﬂgz. ﬂg'( ,ng!/'f - relatively total number of neutron radia-
tive absorptions, numwber of radiative

absorptions in the resonance region and
nunber of radiative absorptions due to
1 . . .

- cross-section in uranium-238

(N =Mg LMy,

ﬂj- nunber of neutron absorpftions in moderator
and structural materials.

The number of neutron absorptions in lattice components
was determined from measuremeni of relavitve activities of
detectors, which werc exposed in the central cell of stu-
died lattices. The detectors were 35 mm - diameter foils
of uranium-235 (90% enriched), depleted uranium (3’103%
of uranium-235), natural uranium, thorium, vanadium and
copper.

A packet of several detectors,thin ( 1.5 mm) uranium
washers of a lattice studied and protective aluminium foils
was assembled in a special experimental channel (Fig.7)
and was placed in the central cell for exposure.

The absorptions number in beryllium ( ”4 ) was deter—
mined from the measurements of the neutron density distri-
bution over the cell (Fig.8) with copper and vanadium detec-
tors. Exposure of all the detectors was performed both with
no cadmium and with cadmium jackets. The correctior for
"eating away" of the resonance and fast neutron flux due
to cadmium was determined experimentally.

The deteetors activity measurement was performed with
a scintillation counter and a 128-channel amplitude ana-
lyzer. Ald the measurements of the absorptions in lattice
components were made relatively to the.,number of fission
neutron absorptions in uranium-235 ([l5 ).

Using the experimental data and formulae (448) Keo,
Sy l/ » 6 s\ ofr 0d P (breading coeffigient) were calcu-

lated of the lattices studied. The calculational results
are given in Table V.
362
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In the multiplication parameters calculations the fol-
lowing constants values were assumed
\)f: 2.43 *0.02
Vf = 2.9t 0.1
£ -
65 = (582 L 4).10
&5 = (2.75%0.04) .10%* cm

24 cm2
2

By Urtseva V.1, the parameters experimentally determi-
ned as functions of a lattice pitch have been calculated in
the two-group diffusion approximation. For comparison the
calculational and experimental K oo values are presented
in Fig.9.

In the uranium-beryllium systems study the thermal
neutron spectra were also measured in several 2% enriched
and natural uranium lattices with & mechanical monochroma-
tor [9] .

The thermal neturon spectra obtained on a cell bouhdary
for two lattices are given in Fig.10 . The experimental
points were processed by the method of least squares with
a ¢rude de#scription cf the spectrum near its maximum as
the maxwellian distribution. It is appeared that only the
spectrum over the maximum can be fitted to the maxwellian
distribution that conforms to the calculations by Nelkin and
Cohen [10] .

To compare the experimental data with the theoretical
results by Smelov V.V. iad Ilyasova G.A. the 15-group cal-
culation have been made of the thermal neutron space-energy
distribution over the cells studied in a P3 - approximation
using & model to account for the crystal bindings in the
thermalization region.

IV. STUDY OF BERYLLUM REFLECTOR EFFECT IN FAST
NEUTRCON REACTOR

A decreasing of beryllium fraction and an increasing
of fuel enrichment in the reactor core leads to the

neutron spectrum hardening.
As a limiting case, in this sense, a reactor can be
considered in which the core contains only fuel of maximum

362 - 9=
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eurichment, and moderator (beryllium) is present only in a
reflector.
Such a system can be identified as a "fast reactor with

a moderating reflector” x)_

In w958-1961 two physical beryllium reflected fast
reactors, bBP-4 and FP-6, were studied. The rgactor shapes
were right hexagonal prisms. The cores were assembled from
almost-close-packed rod-type fuel elements (plutonium ele-
ments in BP-4 and 90% enriched uranium elements in b P-6),

The beryllium reflectors can be replaced in the thicke
ness range from 4 cm to 15 cm.

For beryllium reflector thickness more than 5-6 cm
the spatial distributions of the main reactiton (U235(n,f)
in FP-6 and Pu3? (n,f) in [P-4) density differ essential~
ly from the distributions in common fast reactors with non-
moderating reflectors.

For this fission density flattening occurs over the core
radius due to intermediate energy neutrons penetrating out
of & reflector.

Near the core boundary a sharp fission density jump
forms,for the most part, due to subcadmium energy neutirons.
Whereas the U23‘8 fission density behaviour is practically
independent upon the reflector thickness with asymptotic
character held (see, Fig.11).

The main isotope fission density jump on the core boun-
dary (a difference between the true and asymptotic fission
densities) increases with the increased reflector thickness,

With the reflector thickness 4 = 546 cm the jump disap-
pears, i.e., a more thin beryllium reflector does not already
make cardinal changes in the fission density distribution.

The central core part for all the [P-4 and FP-6 va-
riants maintained a hard neutron spectrum. The typical

6)( (U235)/Q(U238) value was ~7 and ~9 in the BP-4
centre and in the JFP-6 centre respectively.

x) Similar fast-thermal systems have been studied until
recently by a number of authors [11 , 12, 13] .

- 10 -
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Intergrating of the fission density over the core indi-
cated that the fission fraction due to neutrons with energies
E>1.4 Mev was 20-30% (with the reflector thickness of
8-12 cm). The thermal-neutron fission fraction was estimated
from change of Keff due to a cadmium shield inserted bet-
ween the core and the reflector. It equals 1 + 2% with the
reflector thickness of 8-10 c¢cm and 4+ 5% with the thickness
of 12-15 cm.

The thickmess of the reflector varying, its albedo and
spectrum of neutrons returned by it change.

The slowing-down neutrons spectra in thin reflectors
can not be considered as the pure Fermi spectrum, because
there is a large neutron leakage in slowing-~down. The slowing-
down neutrons spectrum form can be obtained similar to the
slowing~down spectrum in an infinite medium with the energy-
independent cross-section 2 a y L.e. , of the 1/E n
form (see,[’lB] ).

The > qa role in this case is played by A—{‘- ——
where B2 is the geometrical parameter of a reflector with
the thickness 4 .

In the age model m = 1 -A{f’l_ﬁ_s B2/3 § =f£ (a)

When the reflector thickness decreases from 15 cm to
8 cm, the value of m decreases from 0.9 to 0.7 . With the
reflector thicknessAg < 4 cm value of m £ 0 s 1.e. the
flux spectrum does not increase with decreasing of energy
but decreases that is typical for fast reactors. Inter-
pretation carried out shows that a limit thickness A ~4 cm
(m = 0) exists which as if separates the common fast reac tors
from the class of the "fast reactors with a moderating ref-
lector™. The 1/Em spectrum form was confirmed by S.A.Kati-
shev's measurements of the resonance detectors activation

in reflectors.

In Fig.12 the results of the measurements, the straight
line which corresponds to 1/ED y and alsc the spectrum hys-
togram obtained from the multigroup calculation®’/ are shown,
The simulation of the spectrum in a moderating reflector
with account taken for a possible distinction from the Fermi

D —

x) The calculations were performed by E.I.Lyashenko under

the guidance of G.I.Marchuk.
362
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spectrum permits, for example, to eliminate the discrepancy of the
experimental and calculational R,q Vvalues reported in reference [II],

In the thin reflectors considered the incomplete neutron therma-
lization effect becomes also apparent which results in the anomalously
high ratio of the subcadmium 5 (Pue39), 5;,4 (819).

The prompt neutron mesn life time "1'" in the systems considered is
essgntially less than in thermal reactors, but more than in fast reactors

The measurements made by the Rossi-,{ and boron poisoning
methodsx) (with JB of f = 0.007) gave for the reactor HP-6 the values
which increase with the increased reflector thickness: with A = 8 cm
1=10"° sec; with A=I2cm 1 = 5.10_6 sec.

The performed measurements of disturbances allowed to verify an
applicability to moderating reflectored fast reactors of the "degree
law" which characterizes through the exponent n(x) the effect of the
each diluent "x" on critical mass (see, [Itt] ). The measurements shows
that the values n(x) decrease with the increased reflector thickness and
can even be negative.

In 5P-6 with A = IO cm: n(void) = I.44 ; n (U228) = 0.95;
n(Be) = 0.84 and n(H20) = 0,30. And with A = I4 cm: n(void) =0.83;
n(v??8) = 0.44: n(Be) = 0.29; n(E,0) = -0.20
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Table I
Critical Parameters of the ¢+ Assemblies

73§

o) | 5
o & Q
Ascsembly s a S § A= 3 2
4; . % Q Q 3} (0] g [+}] g g ﬂ'i 8
N a 5 g [ (5] o M & o o 42
5 o o — o o 3 o S >} g
£ .ﬁ - © b b g g g = O s
(OB [SE Eal [T [N 3 [ ? S ~ -: 5 & 2 ©
—~ v o o~ o =
2 - FEN-) 1 = t g qx ~ B S q < ~ o § ~
N = o 3] L o v O 3] ~ O O © ~— o 3] ~ Q
8 3 FeaR g\\v [ R N oo~ » 0 A s 5 W ES] o] Mo~
R g —~ QU O W o u -ﬁ go g < ‘5 51 Wy ~ o fn JE:’ g = S 5
8§ 4% i3 a8 3% BE- BLoe "5 ¥ SSgg ®
(IR e ~ o S0 S § o ° ) -5 ] ‘S @ 8 xq:) ?u' >~ gmé T A
~ —~ B I3} 58 g g§ o g A s Y] E =
Q » gm [ O o ™ + + S5 o ® O P s
28 g5 B4 §E g4 9 3§38 ¢ s stEe
! 4] 5 D e = P =\ p o > P > o g ﬁ 8 g é" é‘:’ ;2
— —
+ 1o ~4--09 0 [0] 0 13.9 9.2 20.81 0 64.4 24.0 2.7 13.9 1.93 -
' B 407 1.76 0.5 0.5 13.9 13.9 25.22 27 42,7 19.7  23.2 13.9 3.53 -
e —4-13 12.8 0.5 0.12 13.9 .2 25.29 59.2 13.5 4.7 2644 23,3 11,22 1.0
- 64%
2.0
(36%)
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Table II
Beryllium oxide and beryllium moderated critical assemblies

g Moderator  Number of  U-235 Cell piteh  Atomic B82.102 Kefr cali- K multi~
fuel ele-  mass [em] ratio [en=?]  culation gigg
ments in expooi :
[&] Be0/U~235 experi- calculations
& layer mental
parameters
Beryllium 1 2803 5 8699 0.274%0,005  1.04041%) 1.01623
2 3060 5 4904 0+376£0.005  1.01423 0.99028
3 3409 5 3272 0.438%0.005 0.99872 0.96684
. 4 4225 5 onel 0.478%0.005  0.99178 0.96739
= 5 4828 5 1974 0.488%0.005  0.98878 0.97191
. 4 3528 10 4907 0.357%0.005  1.00642 0.98028
6 4232 10 3262 0.414%0,005  0.98474 0.97070
8 5146 10 2464 0.455%0.005  0.96606 0.96468
10 549 10 1965 0.463%0,005  0.96977 0.97808
Beryllium 1 3292 1 3481 0.654%0,008  0.9900U2 0.98206
2 5790 1 1745 0.677t0.008  0.99785 0.98537
3 1165 0.666%0.008  0.99574 0.98578

8344

X) An assembly with non-uniform fuel distribution which was not taken into account
in the calculations.
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Table III
Experimental data for assemblies from
beryllium oxide and beryllium

Number of fuel
elements in a

2.24%0.06 97.1%3.1
Beryllium 2 2.28%0.06 104.6%1.2
Beryllium
oxide 2.07%0.06 112.0%2,5

" 0 ot B G St . o e Sy e e e e e e e e L — . .

Table IV
Critical charges and critical sizes for
2% enricned fuel

Lattice Core height Core radius
pitch
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% Table V
Multiplication paramevers in uranium-beryllium systems
Parameter Natural uranium 2 % enriched uranium
a pitch of 11.3 cm a pitch of 16.0 cm a pitch of 11.3 cm a pitch of 16.0 cm
AL 1.06 £ 0.01 1.06 £ 0.01 1.020%0.003 1.017%£0.003
Jegp 1.31 £ 0.06 1.31 * 0.05 1.69 %0.05 1.71 *0.05
'L y 0.76 ¥ 0.03 0.86 £ 0.03 0.89 ¥ 0.01 0.93 0.0
~g 0.92 ¥ 0.0 0.86 % 0.01 0.89 ¥ 0.01 0.81 £0.01
! f(’ 1.05 * 0.03 0.85 * 0.02 0.36 * 0,01 0.30 *0.01
= c.98 £ 0.03 1.02 £ 0.3 1.36 £ 0.04 1.31 £ o.ou
cale
Koo 0.97 1.015 1.36 1.32
Koo Ky, 1.08 1.12 1.50 1044
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Fig.1. The U-235 critical mass as a function of the critical
volume,

1 - G? erit/kg/. 2 - volume V (cm3.103).

Fig.2. The fission density distribution over the thickmness
of a 0.33 mm U-235 layer.
1 = density fission (relative un.); 2 - distance from
the surface of set.
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2
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Fig.3. The cadmium ratio as a function of the number of ura-
nium elements in core cells with the homogenized
ratio Fge /fu"— = 106.

1 - number of uranium elements in the core.
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Fig. 4 2. meprun

Fig.4. The neutron flux energy distribution in the [IQ —4
assembly measured in the central and peripheral
regions. The curves are normalized to power.

0 - measurements in the central region measurements
a - neasurements on the beryllium reflector boundarys
1 - flow ¢ (E), relative unity;2 -~ energy E, eV.
¢

dsar%

~ Fait,
S d*= 57,

YA
ar 4% piA
Pig. 5
Fig.5. The wait time before the period measurement follo-
wing the reactivity jump as function of the reacti-
vity value for various (f .
Af@) beryllium moderated critical assembly,
T = 1000 sec.
P = 019072, 1 = 107 sec.
t - time following the reactivity jump, sec.
JO - reactivity in per cents.
362 - 19 -~
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Fig,6.

8 Ap

ar 3

The deviation of the measured period from the asympto-
tic period as a function of time following the reacti-
vity jumpy

A(8) beryllium oxide mederated critical assembly,

T = 1000 sec, L= 0.141072, 1 = 10~ gec.

1 - calculation with no dccount for photoneutrons ;

2 = calculation with pPhotoneutrons taken into account.

Fig.7.

Design of a work fuel element (a) and an experimental
block (b).

1 - uranium blocks; 2 - Al block can; 3 -~ aluminium
work channel tube; 4 - upper and lower parts of an
experimental uranium block; 5 —- uranium washer of a
1.5 mm thickness; 6 - protective foil of a 0,03 mm
thickness; 7 - Al container; 8 - Al plug of the
experimental channel upper half; 9.- fastener to at-
tach the experimental block upper part to the experi-~
mental channel upper part; 10 - detertor to be expo=-
sed; 11 ~ cadmiunm sneath; 12 ~ aluminium ring

oved Fo Release 2009/08/26 : CIA-RDP88-00904R0001007110010-8
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Fig.8. The thermal neutron density distribution over a cell:
a and b - 2% enriched uranium lattices with a pitch
of 1.3 cm and 16,0 cm relatively;
¢ and d - natural uranium lattices with a pitch of
11.3 cm and 16.0 cm relatively;

1 - uranium boundary; 2 - Be moderator boundary;
3 = Al block can boundary; 4 - equivalent cell
bonndary (1 - cm).

&y
K= P
4f (=4
I T )

a, // N~

5 0 [Z4 20 o

4

Fig.9. The uranium-beryllium lattice multiplication coefficient
as a function of the lattice pitch:
1 — calculational curve for natural uranium;
2 - calculational curve for 2% enriched uranium .
(1 = natural U)
362 -21 -
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Fig.10.The thermal neutron flux spectra om the cell boundary
(1 -~ ¢m).
8 ~ 2% enriched urenium lattice (ox a 16.0 cm pitch);
b ~ naturel ureanium jattice (of a 11.3 cm pitch).
| = calculational spectrum for the model with account
taken for the crystal effects; 2 — neutron flux rax-
wellian distribution curve.
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rig. 1, Fis. 12
Figaii1, The relative fissicn density distribution over the

cell redius { 4 is the reflector thb(-m i? em)

' #1g.12, The fission density jumn "™ on the boundary
@3 & function of the reflector thicimass,
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STUDY OF BERYLLIUM AND BERYLI,IA A3 NFUTRON MOUERATORS

{,F.Zhozherun, A.K.Krasin, 6.1.Plindov, I.P.8adikev, V.A.Torabanko,
A.AChernyahge -

Introduction

Beryllium and beryllia are of int~resl in the nuclear engineering as counstruction mute-

rials of roactors of various types due to thelr pood moderstive propertiem, weak thermsl naut -

ron absorption and fast pbeutron wuiltiplication in the reaction lloq(n,;_‘n), Fhyefcal properties

of beryllium and beryllin determining diffuston, moderation, scattering and mltiplication of

noutrons have been studled for a fow yecars In the Kurchatov Institute of Atonic Eueryy (IAR).

The moin results ore briefly prevsented in the report, RN
In adlttion, the fost neutron multiplicetion data obtoined from the anslysis of the criti-~ .

cal assemblies in the Tusntitute of bnergetics of Academy of Sclence B3R aro prescnted,

A. STUYDY OF BERYLLIUM AND BERYLLIA A8 KNEUTROR MODERA'TORS (1) e

I.F.2Zhezherun, I,P.5adikov, V.A.Tarabanko,A.A,Chernynhev
(The Kurchsatov Institute of Atomic Fnergy)

1, Effect of beryllias microstructuro and tomperature on thermal neutron
scattering oronss-section

The microcryctallyne structure can essentially influence on the molerative and ocetturin,:
properties of beryllia due to the effect of size nnd orientation of crystal grains on the
scattering cross-section 65 . It 18 lnown that with the increasing of the gruin sise O
decreasen due to the extinction effecti their advantageous orientation (textura) which oun ep-
pear in preooing or pressing out of BeO articles can cause the anisotropy of 65 « Mo mnke cle-
ax bow much thosc effects ere to be taken into account when calo.lating the resctors of fle0
moderator, tho total cross-section dt ( 6, =~ ©¢ for BeU) was measwred with the choppor for
four samples with various grain size (Bee Fig.I). Scaple I consisted of the plates I,2x7x21 ri
produced by pressing out, sample 2-of the rods 5x4x23 mm produced by pressing, sample 3 mnie
of the disco 30 mm in diameter, 3 mm thick produced by pressing out and sampls 4— of the discs
%8 mm in diameter, 3 mm thick produced by cold pressing. The microstructure analy sio of the sa-
mples, carried out by Yu.G.Digaltsev end V.I.Kushakov, showed the all sumples are cloard proked
crystallite of irregular polyhedron form, The grain sizes are shown in Fig.?1, the mean eize wuy
Getermined as a square root of on averesge arca of a grala in a nicrossction photogrnph. In
difforent measurements the semple thickmess varied between 3.2 g/om” and 5.6 g/om”.

Under given experimental conditions the energy rosolution was between 5 and 10% in the
range 0,03-0,1 ev, To observe the anosotropy of 64 two series of measurements have boen done
with pamples I and 2, the neutron beam being fallen both in porallel and noxrmally to the 4i-
rections of pressing or pressing out (Fig.2).

It is seen from these Cigvres that at smell energy (0,005-0.2 ev) the 41
18 40% for the samples with the grain sizes BiL end 290 3 it may cailas 10%—change of Ith’i‘ nye= =
rage spectrum scattering length ls or tho square diffusion length L (see Table 1), The cx-— -
tincbion effess does not pructically influence on &y if tho grain sige & W o=

The prosemee of texture in the hexagonal BeO lattice seems to be obasrwved in the best wny

from neutron wave reflection on the planco being normal or parallel to the ~-nxi3 of the crys-

fference in ©yu

25 YEAR RE-REVIEW
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tal elementiavy cel I, l.0. Ctrom the rofloctlons in wbich the fleat two indexes or tho last one
are equal to zero. The antusotropy of 6£ 15 obuerved from the roflection on the plane (110)
at B = 0,012 ov (s8eo inserts on Flg.d) as renching 5% of the purtinl or ‘2% of the messured
crosa~sections. The valuns of tho cross-sectionn & 0 and ‘z}"«" nhow the adventaseous orien—
tation of the crystal preina by c-axin of the alemantnyy cell in direotion of pressing out and
normally to the pressing direction, i1f the nculron besmn is normwl or pavellel to the prensing
out or prassing directiona. For othor rellvctlions tho difference in 6_1 and 6” . if 1t 18,
does nohz’excuod the measurement ericrn, Thus, the eninctropy of 6, 1e oamall snd its influan-
ce on b may be neylected, ¢

In the ranze 1-10 ev whereo atom binding in the crystal lnttice does not effect on scatte-
ring the measured vaslue of @1 18 conntant nnd equaln 1020, 15 barn for all the snmples,

Tho temperature dependence of @Gy 1s of importunce for the culeulation of the temporatu-
re reactivity cuefficlent. In Fig.3 the mencuvenent resulto of ¢fy  nre shown for the nample
of advantajgeous ygraln sizes '1()—:)());_ at T o= 903 8003 13003 1500°K, In Fig.d the tomperubure
dependence of 6& (E) for somo encrylen Lo plotted ao wall an that of g und {61)" uvernged
over the Maxwellian spectrum (ut the neulron temperaturs 'I‘H 21 4 0UTK) Tand cbttﬁ.nml from
Fig.3.

The mesasuved results reveal that with the sumplo heatinm 1) tho poeition of Wearg maxima
are shifted towards less cnerglas in accordance with the temperatuve expanntong ') the volue
of the maxima decreasesi 3) the valuo of d{: increanen, the proator 14 will be thee Yean the
neutvon energy E 13, At E > 0.15 ov @'é >ét and (6;' )“ have a minimwa near T'=1300°K whioh
can be explained by the competition of Lwo procesuest dncranving of the coherent elnntle neat-
tering and incressing of the coherent inel:stic one with the temperature increane, dince ory-
gen und bexyllium in BaO are anisotrople and the incohrvent scattering in Bo dopsuding on the
spin is small, the measured dt can bo practically divided only in two tormni the elautic and
inelastic coherent scattaring cross-section, @, 1o mulinly due to the latter st E < 0,0035 ev,

The change of 6!: with the temperanturc ln the rsnge 290-~1500°K can lead to the decreauliy;
of i by about 20%.

The sample density was 2.,8G-2.89 g/cmB. i.e. it wno loss than the theorchicnl value
3,04 g/cmﬁ. Therefore the question appesred whethor the gcatteriny in small sn;les, cmuned by
the refraction and the diffraction of the neutron wnve:n at the boundarios botween subnlance
and air in the sample pores, effects on the measured 69‘/' . The ndditionn} messuremanti vn Be!)
sample in the form of the fine-grained dunt showed thot the senttoring in nmall ongles cun be

neglected.

2, Study of thermal neutron diffusion in bery)lium and
beryllia

The daffusiorn parametevs of He and BeQ were studioed by meanu of the pulue icthod with the
linesr accelerator of IAE. The method, as in known, 1s to ueasure the dampling coolficiont
o, of the noutron density in the moderator block with time and to snulyse consequently the

dependence of ol upon the block geometry parameter BT3
d=2.v v PBT s (1)
where ZCV is the absorption velocity, D and C are the coefficients of diffusfon nand diffu-
sion cooling respectivelye » _
The coefficient oL was measured for 30 baryllium blocks nt B¢ = 0,005-0,11 cm
27 beryllis blocks at ]J'3 = 0.,004-0,095 om'z (see Flge5). The average Be density in blocks wus

3 ne mensurcments of ol for mich great nuwber of the

1.79 gfom>, that of BeO = 2.79 s/cm’s
blocks allowed to obtaln the more accurate diffusion puramoters (oee Table 11) thea those in

2 and for

2-8{ .
[ ] eoffictent D for Be, jncluding the ones in Table 11,

The all experimental values of the co

coincide within the meagurement errors; for Be
the error. For the coeftficient G the data are in agreement for [e0 but as for Be there is

362 G -2-

0 the difference is considerably hipsher thon
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no such agreement,

Tho study of the cause of the oxperimintal data dicopersion for D and ¢ showed that it may
be essentially connected with the poosible differenco of the cryatal structure of tho materi~
ale under investigation. Thus the ostimated calculations of D and O for Re0 using the above &
for the samples with the grain sires a/u. and 29 1 £ive the values of D within 10% and the vuf
lues of 0 within 60%. The offect of the term with H in Eqe I 1m negligible as it is seon from
the additional anslysia of measurements by weans of the couputer.

In [9] for the i explanation of the dlspersion of O it was indicated on the neutron trap
effect which must result in dependence ofol upon the messurcment conditlons for emell blocks
(the neutron source power, the buackground level etc,). Our attempts to deteot this dependonce
for the Be block of 20 cu’ whem tho sourcs power changes 10 times and the background level doem
5 times falled (Fig.6)e

The valus of C meoasured give some information on the noutron slowing-down near the thor—
mal equilibrium indicating the decrcome of the mean logarithmic enorgy loan€m Be and Bae0
approximately 4-5 times,

3, Moasurenment of moderation length in Be up Go 1,46 ev
and 0,3 ev

The slowing~down dAensity q(r,B.l_) was noasured {in the rectangular prism 80x90x145 om, The
U convorter, irradiuted by the neutron boam of the reuctor thermal column, served an a neut—
ron esourcej tho indlum foils in cadmlum filters wers used as the neutron detectors at 1.46 ovy
the emall plutonium chumbor in the filter with mixture of samurium and gedolinium oxides [10]
was bthe detector at enexgy 0.3 ev. The messuroment results ore presented in Fig.?7 (fcr In) and
in Fig.8 (for Pu chambex) .

'The measurements by means of the Pu chamber were cerried out in each point under the ful-
lowing conditlons:
1) the chamber wus surrounded by the £ilter of 0,125 p;/cm2 Sm and 0,04 g/cmz(;d (Nﬂnﬂd)l
2

235

2) the chamber was surrounded Ly the £ilter of 0,125 g/om2 fm, 0,04 g/om“ Gd and 0.553/(:11:2 Cd

Bgngaca’ s
3) the chamber without <filters (N),
The neutiron flux of 0,3 ev wus obtained as the difference of the {iret two measuromentn

EO.} = NSmGd - Nsded, and the thermal neutron flux %: N - (1—'I')_1Nsmd, whore T 18 the

transmission of the resonsnce neutrons by the filter Sm+Gd., The inaccuracy of the value T, de-
texrmined from tho culculation, effects slightly on qu , Bince "Sm('.d G~ N,

The curveas lor @q)(md (p‘r (P1g.TT) at distances T )60 cm from the souroe are parallel,
It implies th:t nt such distances the density of the slowing-down ncutrons of 0.3 ev 18 negli-
gibly small in comparison with the density of neutrone of the same energy in the eatablished
Maxwellian spectrum, Using the xratio ¢DJ/¢T = (6.5810.1)-10"5 at distances )y 60 cm one can
obtain the elowing-down density q, y from the total flux (po,s'

From Figs.,7, 8 it 31u scen that at distaunces Y <& 30 cm from the pource the slowing-dewn
density is approximated by the expression C]/("f)"‘ e"’-’?”’fwith T =nota cm'? at '51 21,46 ey
and with 75 =91.5 £ 2.5 on” at . : 0.3 ov. At > 30 om the oxpresuion 9,(’1'_) ~n2 LT
valid with A = 7.?7-’-0.10 cm at EI = 1,46 ov and 0.3 evy this expression presents evident-
1y the density of the Cirst colldislons. Over the whole reglon of measuremente (T 4 90 cm) the

kernel of moderation is well approximat.ed by the expression (¥1F.9)
Lo (L) - w."/'-l'(
I S N Sk Ly} ' (2)
M'L-E'v) L}; <u~m§'“
where | = e,r_'.r:.mE, Ty ;:13ncm2. 7, = 265<:m’2
P1 . 0.0666, p.“ = 0,307, p5 = 0,027 at E‘L = 1.46 o¥
Py = 0,501, P, 20,422, Py = 0.037 et B vz 0.3 ov.

-3 -
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The square af moderation length (1/6 of the meon squore displacement at moderaticn) pro-
ved to be equal to Li; (1.46 ev) =92 % 1.5cn2, l:’] (0.3 ov) = 10’&.512.00m2. Thelr difference
L.!‘ (146 —0.30v) = 1 .51'2.5 ouz oxceeds LI value calculated by 60% with the assumption that
a neutron oollides with free atoms, Thus, in the range 1.46~0.3 ev the atom bond in BeO lattioce
significantly effects on tha noutron moderstiom. The vnlue of b}(‘l.% ov) 18 in agreemont with
the data obtained [11,12] but it is more accura.s, There are no data avnilable for L 4 (0,3)
in literature, /

4, Btudy of Neutron Slowing-Down in Be and Be0

The slowing—down of neutrons ~ 2 Mev in Be and BeO was studied on the linear accelerator
of the IAB by impulse method, measuring the trannmission for indium, cadmium end esmurium
filters (In, Cd, Sm huve strong resonances at 1,46 ev, 0,178 ev and 0.0976 ev, respectively) by
a emal)l BF. -counter, In addition to BP,~counter the detector of 0.3 ev noutrons wna also uned,

The detectors were placed in moderator block (Bo—-éoicmj. Be0-70.80.75 omi) along the neutron
beam axis of the accelerntor,

The measurement results for the value of the inverse transminsion ﬂ-tﬁ)vs time, which
lasted after a neutron impulss moment, are shown in Fij.', In the seme figure tho dotector L
counting rate of 0,3 ev neutrons is given too (Pu—chamber, shinlded by UneCd). In these munsu-
rements the channcl width of the time analyzer was from 1}[ aec to TO0M. amec, )

From the curves of Fig.10 the maxima are clearly seen, For coavenience, r]- (}) {8 uorma-
lized to upit. The time corresponding to thess maxima im obviously a noutron plowing—down time
up to a given energy, ti , plus the time of flight from the point of the lust collision 1p to
the neutron absorption in detector 'él (l,({)’j} + %) /U‘ where v 1s the nentron veloclity, d
18 the mean detector dimension (taking inlo sccount the detector hole),

In Table I1X the values t:s are given. The errors roesult from the uncertainty of the posi-
tion of the maximum, the former ie connected with the chanael analyzer width and with tie ina-
couracy of the calculation of ¢ . The compurison of these vilues with calculated ones, obtal~
ned for the neutron scattering by frne atoms shows that the crystical binding in Be n' lLeO 18
of importance for the slowing-down already in 1,46-0,3 ev range.

Measurin; with Pu-;cha.mhor (Flg,14) meds possible to derive another importaunt salomlng~down
characteristic-time-cnorgy distridbution of moderating neutrons of 0.3 ev and to compuro it
with the theoretical one [13] t

[~ u)N, (ll,[)[fl{:(k‘t,u,l.)]' (3

[N

N (vt SEN
X,

" wherm - ) «_rL)‘k gé .

: No(u,{)-__ﬁ'—'ﬂjf-—é- S_A;_,,,f I ) —
¢ f(4+ € )

Nofn,t ) -is loisson probability of appearenca of 2,? neul.ronuofluring. a time t, if the neutron

appearence at any mowent 13 equally probable and oqual to ——dt ( . 1o lethsrgy, U, and =

v are initial and final neutron velocitles), The full and doited 1inas in Fig.11 correspond -

to Poiuson distribution (4) with 2/4= 12 Cor Be and 18 for Be0,respectively.The dis:cepancy of

theory and experiment at lorge t in connected with the effect of slowly {ncroasing factor 1+¢&

in formule (7).
From the fact that the di: 3 an
vt 2, .
using the relations (~~ '~) =& 212 and ( -\‘:—)h‘{

Y. Iee €,
d - se ;
up to the enerpy 0.3 ev c¢nn be obtnained jadeperndently of its rlcbr:rminut;lou from the p:nici'vn
the dispersion At = 5:-;—- L‘ U _'_‘F.‘_ ty

of the maximum (see Table 111), Por this purpose 3 i 3
(2.9 i sec for Be and 4.5 sec for BeO) which 18 connected with enerpy rsnge of detector sen—
sitivity [10] , 18 to Le substracted [rom t;r. Ap u result we vet 17,34 vec for Re and
1
28JL mec for ho0, and also & , = .19 and pew=0012¢
Phe neutron slowing-down helow 047 ov was stuiied by the mossurcmrnt of the trunsmisuvlon
-4 -

sperolon of Polsson distridbution equals the nvorayse value ond
=2/ = 10, the sjowing down time t
fe O

62w
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range is 1,5-2 more than tu to

‘tar) with neutron energy). The presence of a h’ole in & veryllium and graphite ospheres for

(I
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of boron filters of 0,012 g/c'.un2 and 0,07% p;/cm?‘ with I/¥-dotector, the detectors and filters
bolng pluced outside the block (sve Fig.1:), Due to collimator I only those neutrons mey be
dotected which were diretted to 8 Llotk HurtaCe ol tue sngle > 80°, It simplified significant-—
ly the calculation of the filter transmisaion N(T} vo the noutron tonperature T. It was uced
fhen for deriving the temporature of moderatwd neut:ons at the moment t from the tranamigsion
values measurod with the mssumption of Muxwelllan distribution (mee PIgn,13 and 18, whore T
18 the equilibrium temporature at % - =c= ). In the caloulations of i) (T) ettner bhuorotlon{
resulte for 6, (E) in le and Hed [ 14 ] wore used or tho experimental data obtained in [15]
for G-b in Bo and our data for ¥, in BeO with the grain sixe BIL, The full and dotted lines
in Fig.15 o0,b correspond to these two ways of calculation of N (T) It is seon from thess
figures that below 0,7-0.5 ov T(t) tends to Te exponontially, the relaxation tinme - being
practically independont of nelither the filter thicknens nor the way of galoulation g\(ﬁ.ﬂul-
des the data tn Fig. 13 and 14 the values T*°! for beryllium blocks of 50> on’ and for be=
ryllia blocks of 6070n® wero meaoured. Afber correcting for finite blook sires, the thermali-
gation time t.y = 185120,14. sec for Be and t 4, = 2014-'-20,1(. sec for BeQ, as a result, was obtale
ned,

. The measurements of ‘ta and cth poxrformed, give the possibility for deviving the vnluo€
asd making the following conclusions. The neutron slowing-down to 1,46 ev in Be and Roe0 is
ﬂ\_xo to collisions with free atoms and lasts less then 10usco. In tho range 1,46~0.3 ev &
orystal binding effect roduuedi 0 0,193%0,02 1n Be and to 0.109%0,012 in BeOy t, in this

.46 ev., In the range 0,3~ 0,5 ev. below which the spoctrum

spproximating that of Muxwellion iu establishod, €, = 0.04920,005 aud § g, 0.047%0,005 and
es is 6-7 more than “'n to 1.46 ov. At E & (9.05-0,025 ov) the moderaticn is very slow, on an
average, up to 185 asc€ in Be shd up to 204\ sec in BeO. The mean logerithnic energy loss

‘in this range for the whole neutron spectrum is dependent on the energy and detormined by the

thermalization times
g Ay -
oo VE £

where E¢ and Up are thu equilibrium energy and velocity.

The onergy-time distribution of noutrons in the range to ~ Ex0,05 ev tan be obtained
from formula (4) by substituting the given valuos é, The same valuss wers used for cnlculoti-
on of the slowing—lown area bolow 1,46 ev (see Table 1Y)

The value Lf" (0.3 ov) for BeO is in a food sgreement with the direct nsasurement deta
(ses § 3).

5. Multiplication gt Fiosion Neutrons in Be and BeO
in Be’ {n, 2n) Reaction

Phe moderators ccateining Ue give an additional neutron multiplioatios in reactors con-
neoted with the difference df cor sributions of (n,2n) and (a, £ ) reactioneu. Ae the calculaw
tion of tho coofficient of this multiplication posessed a large unoortunltyﬁ?l wo moasured
E'Ba for Be in opherical geometry experiment, The experiment cgnsisted in moasurement of ine—
tegral noutron £ission source powor N (£isaion converter of 35 on tne reaotor bean), belng
shielded by & spherical layer of beryllium or graphite of various thickness (graphite was

necessary for excluding the varistion of the sensitivity of the detector ("allwave” m’-oo\m- .

transmission of reactor neutron beam into converter cauged the anisotropy of fisaion source
and led to detormining the source power N as a result of integrating tho ocounting rate, nea—
suring on a horisontal plane at different angles to the besm axis. For reducing this ani-
sotropy and excluding the corrections for a finite distance from the oource to the detector,
the spheres investigated were surrounded by & spherical wood layer 14 om thick,

In Fig.16 the mossuremont results are shown of Ny and Npg ve the mean neutron enorgy loss
A-E when neutrons pasced the graphite and beryllium layers and also K.B‘:-NB’(;E)/‘Ea(dE\')r is

-5«
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given. Tho vulue AL was caloulated with the offoect of neutron "entengling” in elastic and
inolastic collieiions with Be and C, ond 1t cuntuine euome uncertainity which is however of no
importance for Kp, (see Figu17), Curve 2 of 1'1g.17 gives tho more probsble run of iy ve &

; : : 2
layor thickness. At 12--15 g/em® Bo ](Hu obtning the maximug velue 1.1030.0’15. Using this
value, tho mu.lt:,%plio{ation coofficiont of fiaufon neutrons waa calculsted in BeO too, It was
assumed that —~#ALT ~ 140 where n,, d 1, are the fission neutron collision density

e~ Nae
with berylliun a%gmn at ucfutron slowing-down in Do and BeO bolow the threshold of Bo9(n, an),
Be’(n, <) and (@] (n,d.) renctions. This aspumption is approximstely true, as at E > 4 Mev
@"_'1“_ i3 nearly constant, and at £ <& # Mov the collision densities in Be ond BoO are similar,

1,349
As 8 result, g0 . 27 = 4
. ' g, 16T was obtained, Hence KﬁcO 1.08~0,023.

B. CONPRIBUTION OF FAST WWFECT8 ON Be 170 THE MULTIPLICATION
COEFFIUIENT OF BMRYLLIUM AGCEMBLIES

AR Krasein, G.I,Plindov,

fho Institute of Enerpgetirs of Academy of Scilencos
DGSR

It 1is of interest to tnke into account the effect of (n,2n) and (n,el) reactions on Be
on criticol messes und sizes of physicu) berylliun assemblies end to separate the contribution
of fast effect inlo the nultiplication coefficlent,

For this purposo 10-group constants for beryllium were obtainsd, The Be (n,2n) reaction
kas considered as inelastic scattering leading to an additionsl neutron. The crous-sections of
(n,2n) and (n, <) reactions were taken in from [18—22] deﬁB.Zﬁ] , roppectively.

For verification of constanis obtained the neutron age of fisslon spectrum and fost-neut-
ron multiplication coefficient in infinite homogencous beryllium medium were caloulated, The
evsluated neutron age “C = Y9 cn” and the value of fest ncutron multiplication coefficient
KBe = 1,087 were obtninod, which are in & good sgrcement with the data [26] and with theore-
ticul estimtions [27,20] , respactively.

With these constants the multiplication coefficlents, critical msepes and critical di-
menslons of phyuicsl asgenblies, described in [29:} ,wore culculated in multi-groop diffusion
approximation, taking iato uccount the reactions Be (n,2n) and Be (o, «) ‘u''~cooe) and with
no account of them ("b'—case), The contribution of the fast offect on Bo wus defined as a dif-
ference of the multiplication coefficientn, calculated with the account of Be(n,2n) and Be
(n, & ) rosctions or without it,

The results of calculotions are shown in Tuble V. It 1s coen from Table V that the value
of the fust of fect on 9-10% Be 1o somewhat less, than tbe value 12i4% given earlier for the
pame assemblios [29] o but is within the experimental aerrors, 8ince the fust effect on Be
was calculated in multigroup theory, the value of the presont work seesms more proferable.
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Tab 1

Velue of 36 and (6‘,_" )" averagod ovor the
Maxwellian spectrua at the noutron temperature Tp = 390%

Grain slzes, M — =
———— e S . bar --{}-1
advanta-  average 61 b e (@¢ )7 vem
geous

10-15
30
10-20

Diffusion parametors of De and Be®

units In Be

E.v seo™"! 2e2t11 17ute

D cn?/see (1,20%0.,013)* 10° (1.56%0.01)*10°

c ca4aec (3.6810,20)+10° (3.12%0.27)" 10

L o ‘ 21.8M,0 29,9%1,0
Transfer length, ;\.h_ cn 1.50%0.016 1,08%0,020

Diffusion time, e 3.82%0.017 5.7520,020

Absorption
cross section 6'5 at " .
2200 m/8s0 10,0=0.4 11,8~ 0.4

Table XXX

Slowing-down time (in A sec) of ~ 2 Mev
neutrons to various encrgles

8lowing~down In Be In_Be0
encrgy, ev calculation calculation

= 0,209 exporimont ¢ 20,176 experiment

& :
1.46 (In) 7.2 7.5%1 9.3 9:511
0.3 (Pu) 15.7 17,541 19,2 26:2
0.178 (cd) 20.4 403 26.3 5123
0.0976 (8m) 27.6 735 34,8 8sts5

3624 -8 -
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Table 1

Blowing—dowa tine 4, and area l; of neutrons
up to 1.46 ev in De and Bey

Energy range In B; In BeG
S 2 K 500 b’,. ca® ty oMl nec LA en?
%

2 MaV — 1,36 oV 7.521 85.68%16 9.5%

92%1.5
103.421,9
12,1521
117,980,
122,5%2,9

2 MeV = 0,3 oF 17,51 91,5%2,4 27%2
2 MeV -~ 0,178 oV 4ot 98.9%26 " 5123
2 MoV —~ 0,43 oV s6ige) 103,4%2,7 69%a¢)
2 MoV — 0,0976 oV 735 107.5%2,9 83ty
2 Me¥ ~ (0,07-0,045)eV 135 - 160
(0,07-0.045) ~ 0,025 eV 185220 - 20425

*) It 18 calculated using the obtained values of g in
the energy ruuge 043 - 0,0976 ev.

Table Y

Calculation results of Keggr Oritical sizes,
critical masuves nnd fest effect on Be

0,1016

0.0997

0.0971

E

0
i
a'é
)
B

1.03%
0,9447
1,0431
0.9503
1.0420
0.9508

water in fuel
element
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Fig.1. Total cross section G . for the BeO samples of various
crystal grain sizes; sample 1 »): grain sizes = 4-23 , ave=-
rage size = 8 M , advantageous sizes = 10-154 3 2(y):

sizes = 9-60 ., average one = 29 u. , advantageous one = 404 ;
% (e ): sizes = 5-37u , average one = 13 4 , advanvageous
ones = 10=20 @ ; 4 (X): sizes are large than ones of I and
are less than ones of 3%, average size

G dopn

10' 5§

Fig.2. Total cross section for samples I and 2 produced by
extrusion (a) and pressing (b). The incident neutron beam is
parallel gt ) and is normal to direction of extrusion and of
presing x). The partial cross sections for the reflection
from the plane (110) (see the insert) differ by 20~25%. The
solid line represeutsthe value of 65 calculated with the
assumption or apsence of the extinction and the account of
only elastic scattering.
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Fige5. Total cross section G, for BeO at various
temperatures
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, Fig.4. Total cross section for Be0 vs temperature, gt and

(G ) ave averaged over the llsxwellion spectrum for heut=
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Fig.5. Damping coefficient oL vs8 B2 for Be (a) and BeO(b).
The dots are the measurement results, the solid line
corresponds to parabola (see Eq.(1) and Table I1).
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Fig.6. Neutron density damping in Be Block of 20%cn?,
1,2,% are various powers of a neutron source; 4-with
the large background level. The dotted line represents
the background plus the effect, the s0lid lines are ob-
tained after the substraction of the backgzcund.
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Fig.7. Moderation density at E = 1.46 eV for BeO in verious F
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Fig.8. Measurement results with Pu—~chamber: (1) flux of 0.3 ev
neutrons ?_"‘3 (2) contribution of higher resonances;
(3) thermal heutron flux @ ; (4) moderation density q at -
B = 003 0vVe I — relative udit, 1I-g, om
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Fig.9. Comparison of the slowing- Fig.10, Measurenent results of the
down densities at 0.3 ev(o) and slowing-down tine, 1,2 are the de-
1.46 ev(e).The solid and dotted tector counting rates N(t) of 0. 3ev

lines correspond the synthetic neutrons in blocks of Be and BeO,
nuclei of type (2) at E_=0.3 ev respectively; the inverse transmis-
and 1,46 ev. r sion N(=) " of Cd(3,4),Sa (5,6) and

In(7,8) filters in Be and BeO.
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Pige1? Trgnsgission of boron filters for the Be block
8 ‘ 607cm’; I-filtexr 0,012 g/cmgz 2-filter 0,023 g/cn2;
¢5,} 78 ~various measurement seriese.
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Figo.14.Transmission of boron £il-
ters for Bel block 70x80x75 cm”,
I-transsission; II-A sec.
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1 - Beryllium layer thickness,
g/cm

B Approved For Release 2009/08/26 : CIA-RDP88-00904OQQ‘IOO‘I 10010-8



